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Solar Energy Studies

This task involves support to NASA Headduarters in solar thermal and
solar voltaic projects. This interim report covers the solar thermal pro-
ject, and by the NASA directive includes process heating and heating/cooling
projects.

The initial thrust in project selection was to define systems that will
be operational and provide a useful function. In addition, the project must
be integrated into the rest of the buildings mechanical system in a cost
effective manner. Solar savings are initially determined to obtain a fair
comparision to other solar projects. At a later time, as the system inte-
gration is developed, applicable energy conservation savings can also be
credited.

The ﬁroject selection criteria by the Department of Energy is shown in
the next figure. The first criteria is basically technical. This should be
well suited to NASA, and some lead center such as LeRC or MSFC could be
prime in evaluating and disseminating advancements to the other centers.

Market visibility criteria is good since most NASA centers have many
visitors. The fuel cost portion of this criteria is not good when based on
present NASA low fuel cost. If the solar program is to encourage private
sector use of solar energy, it may be better to also consider the local
commercial fuel cost in determining savings.

The last criteria is project cost and payback. Special cost that would
not be incurred in future installations probably should not be included in
the cost used to determine payback time. Therefore, there is a need to
separate the costs attributed to unique design, retrofit, and special
installation problems to>encourage visibility. The payback based on total
cost and present low fuel cost savings is not encouraging. Payback based

on repeat construction and commercial fuel cost is much better.
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This is an interim report listing prqposed'solar projects and was supplemented
by an appendix under separate cover. This appendix includes NASA provided descrip-
tions where available and as time permits. The format can permit updating and
modifications as NASA requires, Scme pasrametric data is provided at the end of

the report for aid in early calculations.




Evaluation

Savings

The next table shows the solar energy savings at many NASA centers. As
can be seen on the bottom line, the average savings at NASA is about $.60 per
year per square foot of collector. One criteria for a good solar collector
is one in which more money than the average is saved, while a poor location
saves less than the average. A review of this table shows savings ranging from
a low of $.25 to a high of $.96 per year per square foot.

Some poor locations are NSTL and MAF when low cost gas is saved by using
solar collectors. Other poor locations are ARC and DFRC when a solar system
replaces an electric driven air conditioning unit. A good location would be
DFRC and ETS when higher cost oil or gas is saved by use of a solar system.

An especially good application is a site with time of day electric demand
charges. Future electric energy cost trends will result in many such locationms.
No example is included in this table since only average costs were determined.
A study of each centers electric rate structure is required. At present KSC
shows a savings of $.61 based on average electric cost, but this savings

should approximately double when actual KSC demand cost is included.

Payback

Best payback times occur when high cost energy is supplemented by the solar
system, and when fuel cost is inflating at a higher rate than the interest cost
of money. Nominal cost of most of these projects is in the $100 per square foot
range, with first year savings under $1 per square foot. Discounted escalated
payback time is, therefore, over 35 years with the average fuel inflation 5%
higher than the cost of money. Office of Management and Budget (OMB) criteria

for payback analysis of energy conservation projects cannot be applied to the

proposed solar energy Projects and have them pay back within any conceivable

- L.
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useful equipment lifetime.

NASA must define the method of payback analysis that is acceptable to DOE.
In the interim, a metho& considered realistic is being utilized. An example of
the importance of the payback criteria is shown at the end of the report as a

maximum "Must Cost" solar system for 25-year payback time.

Technology

Some important engineering comparisions that can be obtained as the result
of these projects are the relative payback and efficiency for:

(1) Advanced flat plate collectors with l-stage absorption chillers

(2) Concentrating collectors with 2-stage absorption chillers

(3) Concentrating collectors with Rankine Cycle turbine drives

Only the latter two systems are capable of improved COP (efficiency) using
the higher temperatures of concentrating collectors. The first system can
profit to a lesser degree by eliminating the present chiller de-rating by using
concentrating collectors. In addition, the control system logic can have a
strong influence on savings. A good cross flow of control ideas and results
between the NASA centers can greatly contribute to project success. One area
where this contact would be especially useful is in dealing with the absorption
chiller start-up problem. Presently, their long start-up periods must be repeated

after sudden sustained drops of hot water supply temperature on some projects.

Project Performance Summary

The feasibility status of a proposed solar project can be followed on this
table. The intent is to track the cost and savings of the project to ensure

the NASA ground rules on payback are observed.

The first column represents reasonable values of efficiencies, savings and

cost. After the project is defined by the NASA center personnel, a preliminary
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design (1% design phase ) estimate can be made. The output of this estimate is
the start-off point for an A/E contract design phase. As the design phase con-
tinues, better values can be developed. This should help focus on the impurtant
terms influencing payback time. Early test phases can provide verification or
adjustment to the early analysis.

Savings, cost and payback analysis can be estimated from the figures at the
end of this report. For preliminary analysis it is being assumed high performance
collectors are used. Such collectors could have annual efficiencies as high as
459, After collecting this energy it is assumed 20% is lost in all the lines,
camponents and tanks, for a net storage efficiency of 80%. Therefore, the total
solar system annual efficiency is assumed to be 36%.

If the solar system saves oil at a near future cost of $.40/gal. and is in
an average solar location, the annual savings is $.72 per square foot. Total
costs of high performance collector systems have been running about $100 per
square foot of which $80 is the construction cost. Construction cost is used
for the payback analysis. The discounted escalation factor (IEF) (explained in
the Parametrics Section) is 111 years. This ratio of cost divided by savings is
also scmetimes referred to as simple payback time. For fuel oil inflating 8%
fagter than the general inflation, and money costing 3% higher than the general
inflation, a payback time of 37 years is calculated.

For much higher cost of money, the project will never pay back. The Office
of Management and Budget (OMB) directive to use the cost of money as 10% above
the general inflation for energy conservation projects would eliminate most

solar projects with present designs.



Projects for Process or Heating/Cooling

The following tables summarize a number of solar thermal projects
sutmitted by the NASA centers. They are grouped as Phase 2 and Phase 3 for
fiscal year 1978 and 1979 money, respectively. FPhase 2 projects are further
subdivided as 2A for projects funded for design and 2B as other potential
projects for 1978 funds.

Payback time on these tables are based on all fuels inflating 10% per
year higher than the interest rate spplied to the cost of money. First
year fuel cost savirgs due to the solar energy project are based on the
present average NASA center utility cost. A few paybacks, such as shown
for FPhase 2A, were provided directly by NASA centers and possibly used
different fuel inflation rates.

Charts are provided at the end of this report for econamic evaluation
of solar thermal systems. This information was used for cost and savings
estimates to determine payback when information was not available fram
the NASA centers. DCOE Facilities Solar Design Handbook information is
utilized for system cost and annual availablé sunlight. Same charts
allow use of different fuel inflation and interest rates.

The method of paybeck analysis varies greatly between all the people
contacted. A consistant method should be established, and important consid-
erations are discussed in this report. In the interim the above 10% net
fuel inflation is utilized. It is suggested that in the interest of
encouraging use of solar energy, & method campatible to cammercial cost

be used for payback analysis.
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Parametric Analysis

This section provides information for the approximate economic evaluation
of a solar thermal system providing either process heating or a heating/cooling
system. The following information is included:

o NASA energy cost

o Energy real growth rate

o Commercial electric cost

o Annual savings by solar thermal system
o Cost of solar thermal systems

o Discounted escalation payback time

o Discounted escalation factor

o "Must Cost" estimate for solar systems

- Pl -



NASA Energy C os"l:

This table shows the actual NASA energy cost for the last three months of 1977.
In a few cases present gas costs are escalated to 1982 rates, and used as indicated.
These values are being used for estimates of first year energy savings produced by
a solar energy system. In general, the higher the energy charge, the higher the
savings. This does not favor Ames or Dryden electric savings.

. The most important factor in savings fram a solar energy system is the cost of
the fuel source that is saved. Fuel cost is followed in importance by system effici-
ency and of minor relative importance is the amount of sunlight received. A small
error results fram failure to escalate all the fuel cost to operation starting time
(10 - 20% increase). The exceptionally low gas prices were escalated.

The largest error in using this table involves the electric cost, which is also
2/ 3 of all NASA energy cost. The error cames about by not accounting for energy
charge and demend charge separately. Electric power is saved in the afternoons of
summer days by a solar air conditioning or photovoltaic system. It should be deter-
mined if an electric demand charge is saved. Some NASA centers have a daytime peak
electric demand and dollar charge. In addition, the pesk demand is coincided with
peak air conditioning requirements. Under such conditlions total savings can

possibly double with a solar system.

Centers with large research power demands, such as Ames (ARC), Langley (LaRC)
and Lewis (LeRC), are poor candidates to take advantage of the demand savings pos-
sible with solar systems. To save operating cost the research centers have a tendency
to operate the research power systems at the "off peak" time-of-day. As a result,
their average cost of energy is lower. A center such as KSC seems to be a good
candidate for peak demand savings since its energy damend can be air conditioning

dependent. The exception to this is the KSC launch impact, and has not been examined

here.
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Energy Real Growth Rate

DOE has provided this table to be used on a temporary basis as a
representation of fuel inflation rate. The growth rate is presented
as an annual percentage in addition to the general inflation.

This chart is a great simplification, Within any region, the cost
varies. The very low cost systems will inflate at a faster rate than the
high cost systems. The local price structure and growth rate should be
used when known. Low cost electric energy from hydroelectric plants,
especially the Bureau of Reclamation, will have the most dramatic increase

in cost and rate structure.
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ANNUAL ENERGY REAL GROWTH RATES
FOR LIFE-CYCLE COSTING

Coal 5%
Fuel 0il 8%
Gas (Natural or LPG) 10%
ELECTRICITY

Region

New England - 6.9%

Middle Atlantic - 5.9%

South Atlantic - 5.8%

East South Central - 5.6%

Pacific - 7.3%

Ref, - DOE Facilities, Solar Design Handbook
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Region

East North Central - 5.6%

West North Cemtral - 5.6%

West South Central - 7.5%

Mowuntain - 5.7%



Commercial Electric Rates

In contrast to the NASA electric rates, this table shows the commercial
electric rates. This table runs from a low of 1.438 ¢/KWH to a high of 8.45
¢/KWH in December of 1977. The primary difference is the lower NASA rates at
some centers due to special discounts or use of Bureau of Reclamation energy.
The low energy cost makes energy conservation projects difficult to sell and
makes solar energy projects unrealistic. Through governmental action future
trends will be to eliminate these discounts.

It has been suggested that the NASA projects payback time be evaluated
based on the local utility rates. The justification for this is the desire to

use the government projects as demonstrations to encourage local communities

to use solar energy.

- P6 -



SINSHRES 1007] 10 NEDIG] L 95n 20) P3G0S CIED HOLS IO Adugi {idia ] AdJous) (210pa ] 1331008

0D M0 TN INSUONTIA e+ GEOOC  GETLLE T oA Ayediawngy y— oLgee orese” e i ..‘...ﬁu:.).::
Ksuadh ongad L+ LrooE 9yongTT *0) 3IIMO0J SNBIS WA JION £+ L6YIL LEeRET T cspodeatagy
Guadvogang . ¢— LT 65T ]
Apedisunpy 9+ o6 9L

. : B 09" gae e *00) 1MV KIFUWNSUND e+ 06 $8% "

00 1amod trigriddy 0 0989 0y'Gac ‘0D UOSIpY NoIPg €+ tAA s ’ INVOINDI
Apedungy 0 [ 08 7] S 4 7') SRR {111 51 A § * 00 *DBIS} SNASTUIRSSTY 8+ 06360 s .. .,.Sm..au._m,s.
Appdidjeriy - 114 SO°LPL  £BZOL Uttt B(ROS Amudiowny L0+ £2°L86 e ey

*NOLDNIUISYA Ajiedidiuny  0E+ £S5 I B
07 JIOMOJ 3 LD e T . gLyttt oyl Anjedinungy 1+ 208! i -+ gadomy;
D 1omod OUPIAA BN ST+ Z9TE  VEOLY :.Mz_uu.\; oo uoabg dson it o s e s
Anedioun 0 0626 OVECET" T vojtndng . SLLESNMOVESYI
UARIISIC Y, ‘0D 19MO0 1 MNT N (2N UID L+ SE'EHE pruepLod
"0 WA B 2040 Ye) 0z+ EIHLP SR'COS T AND oA LS . .
0 ” ‘ a :c.u—b 0D 4311 B Jomod ey b+ [ 12414 AL
*0D BT B IA0J SPXI]L P+ 1898C ZGCEp°- " "7 Uttt Qom s . .: ]
D Wi ; Kedong M FOICh  L0°G8ET T :o_«_.c_“u%_.:w_ 00 "d3[d B seYH) A{IASIN0] 81+ _ wheLe . “.C_.o:.,“ iy
0D "d 9 Aunyiirj uoysnoeig ¥+ 2521 00'92E o ‘00 *29[5 P SEN SUsuNy 9T+ 69°23¢ R A 1 L (TRI R
‘00 ANALRG DAY SPXLY pit+ 1662 120VE° " ’ 5”_1;_. 1oy < edi . ceessesne fNE
Auedpppy z2— LUB6h  288Rb T caaw”..m:. fuediojuniy o4 1£°50F 1 U“m
U MLty Kouride ongu Nl B I TUTIAE BTN |
Anpedioungy 8+ 00'99z  0E7LRE T .n_.:.“:..q_\._ 21001 F .a_m..: ..m::m__:m“ .wuﬂ. ”mm“.,m - oukes )
Anprddungy 1+ 00'TLT SoT0ET T uhwﬂwm.“u—“._kw‘h Louade aqnd 8+ LLvib L9 Lbp . \
B S ey ) . CVNVIANE
AnmBeatiand g+ S6'LIT  G2'69% i EMUO) Ayedpiny 0 BOBOY  BOBIE St anic
SYNITOUVI HLAOS -00) UOSIPT YI[EAMUOU 1107 oL+ 6bOLF  OLCTG Tttt N
00 WA » 1m0 ] ed v+ WYy ey Hojueag SSIONITI
‘€D 229 viqdpopriing S+ £0'828 £E£°T8S° T - epydppenud ‘00 19MO0] oyep| o1+ CLObg  GeGgZ et
S INVATACHNIA . 105"
"0 WEYT 9 1amo 1 Mjoed 1+ 18°802 <SS'I€T" """~ e _ﬁmw_%m.m_c *00) JOM0 ] 13100 1+ AR X 20 8 01t R [T | A
fuxleonand  ev+ OTL9T 09'8GE" """ *TTUUTUUTULJIUIA Anedpuny 61— £66HY REEEERE
0D I ySseH e € E€HSEE  SETHLSTT T AND e o ‘0D W31 um.....%,om eld ei+ cLgbb s
VIIODVINO nedidiungy 8— cT 60V T
‘0D UOSIP 014Q 62+ 86°C2E SEEEET T TUUTUUUA0LL IO X £ouade nqngd 1+ STUWD SLORETTTCTUUUTTT AMACIRY
Anedpluny 1+ £6'L68 TrrTreiee o BURRIAAD IVAINOTS
0y IR pUTDAN) - b4 £9°bs Ll pauiaant) "0Q 19MOd B 14T uuo) b+ 08206 O6FEG <TCTUtoto Aunguyy
00 Jamud OlyO S+ $5°C0E TrrrTTueny fedidnpy 1— 6h0Ly 0812yt ;
. ‘0IHO "0D BT 9953 pIOJMEH b1+ SLols B
07) 1m0 54nq i+ 90°LbE IDRRARRARARRERE- Y s XiciTe} .3:1.&_0_::2 £— 26°00b e e :M:_:m;.
*VNITOUVD 11170N ‘00 Bunewwnggy paun 9+ t666h  bL22ST e pedatiplag
Lneddwunp 81+ €Z°2ab TT AU OFilANI0Y . . SLADILOANINQD
Lrediotingy Si+ 6z Czl s ydangsneld .
oQ uosipg priepiiosuo)y - g+ v8'0u8 DTUTTTUI0X MON ‘0) 20AIS JNand b+ €998 07°€8C Srerreeeens SEINTEYS
Sinrdiaungyg S+ L0'81t L L Sl KAyedpjungy L 6seez  sog1e” o sBundg opelojo)
"0) 1om0d yneyopy vaviiniN g4 SLETY TTULSH I VUUUUUUrop)ng 1 0UAYEDY 10D
: TOMIDX AEN *291d B sen djped oS+ 0108 05688 " " " 0dspuel JuUng
Ayedidtungy 14 GR'CLS LY TGS PUCPA Kouatie duqng 0 CUEGL S FGI """ " " " oW,
DLIIZDYH 9014108 Mnd L+ ZEU68 0T IEG " e aeMmaN h@_mﬂa_uﬁ_sz 81+ £9°L6¢ ﬂﬂ.h@@.............mv_ﬂ»n:m.nc
JRESITC AN uosipg ‘pEyUINOS €1+ 00'88E GY'BTH CTTUCTCC yavag duog
Lyedpuny - p— SEETE  SRITE " TTTUTTUTUUURYRGIG) ) IVINMOJITVD
VISVIIAN W31 9 Jos0g sesueay 91+ 6I'BSE  00'GIE™ """t T T Nd0Y ALY
‘o)A ueluy ¢ ESEVP  BBOKE T SO {SYSNVANY
‘o) Kouale angnd o+ OV'Z8E  0T'BOF " CCCCTUTTTUUIXIUAO0N
WA B somod K)o suey 64 T6'6LY  ELCOSTTCCCTtter AR sesuny IVNOZINY
Anprdpwaw 21+ O5°CET  Ob'ZE T IT T doudpuadapu] Asuadeoygng 11+ OE9FZ  TGTELT TTTTTUTUUTUCUUoptaswung
oSS 0D JOMOJ BWIRQELY G+ TYTIb$ 9GOEPS™ " T" T WEUSMwLG
0D WyHI] ¥ Jamod 'SSIIN £+ O ZEES SSI9p$ ™ "7t unsyoup C'VINVAVIY
SJIIIESISSIN
Lnn pilile) 961 L61 YRS fmn 290 osl 18 KD pue 2els
% g "=d % %@ 9q
* 4§ OF JO QUWINTOA WINWINCUL € 1€ YmY 000°01 {2oo10d A1 @ 3ujsn 1ouwi0)snd {RI0I9UIUO0D € 0} {1 ATYIUO
“UMOP 320/4 € A[UD ‘ISQUISAON JOJ 3[qe) 3 1] "yluowt
Jojlted-1eak ay) Wedf 49319 10 jud013d 3ue £q UXCD $3I2X MCUS 01 ‘PIIUSSaIdaT SaNId 08 Y JO
' hd . 0. =50 L BN 3 V6 R = FH N | 32 ¢ 1o . '



Annual Savings By Solar Thermal System

This figure gives an estimate of the dollar value of the thermal energy
produced by a solar collector system. This is a rapid way to obtain the range
of possible savings and is not a substitute for a more detailed analysis, which
must show how the daily absorbed solar energy is utilized. The following
assumes there is always need for the absorbed energy.

An example is shown with savings of $1.50 per year for each sq. ft. of
collector surface. The sample problem is to find the savings if fuel oil at
$.60 per gallon is presently used. A good combustion system at 80% efficiency
would produce usable energy at $5 per million BTU. The typical annual solar
energy falling on a panel will be about 600,000 BTIU per square foot. Of this
energy, 50% collected and finally delivered as usable energy is representative
of the high end of the total system annual collection efficiency. This combin-
ation of terms then results in an annual fuel o0il savings of $1.50 per square
foot. ’

The advantage of this simplistic figure is that it emphasizes three factors:
fuel cost, system efficiency, and available solar. energy. The prime factor is

the cost of the fuel that is replaced by solar energy. The second factor is the

total system collection efficiency. This represents the fraction of solar energy

that is absorbed by the collector, and is finally delivered as heat after all
system losses are accounted for. This is the only factor within the control of
the designer, but is still expected to fall within some reasonable range as
indicated. It 1s difficult to achieve an efficiency over 507%, while much under
25% is a poor system. The third factor, available solar radiation, is actually
a narrow range. The majority of the USA falls within the indicated range when

collectors are inclined within 10° of the local latitude.
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REPLACED ENERGY

SOLAR THERMAL SYSTEM ANNUAL SAVING

TOTAL SYSTEM COLLECTION EFFICIENCY

FULL RANGE OF EFFlClENCY

$
R.SQ. FT.
—
2

S
AVINGS (y

POOR SYSTEMS

4 [ 8 10 12

1
FUEL COST $ )

) 108 BTU USABLE

s 8 8 10 12
GAS ($/1000 CU. FT.)

M\ c=80% - 1031 BTU/ CU FT

coP=1 4

20 40 60

o
N4
4

80 100 120
OtL ($/GAL)
= = 80% — 149,700 BTU/GAL

140 160

1 2 3 5
ELECTRIC RESISTANCE (¢/KW HR)

COP=3

4 6 8 10 12 4
ELECTRIC DRIVE COOLING (€/KW HR)
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If this simplified savings estimate indicates sufficient dollar savings,

then a more detailed analysis can be justified. The next level of detail
analysis is aimed at determining the collector efficiency and the storage and

distribution efficiency (losses determined) to meet the temperature requirement

of the particular application.
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Solar Thermal System Capital Costs 1

In estimating the capital cost of solar system components, only the
costs of items that are not normally part of a conventional HVAC system
should be considered. Thus, the cost of the building's air-handling system
would not be considered, but the difference between the installed cost of
a more expensive absorption chiller and of a less expensive centrifugal
chiller should be charged to the solar energy system. Note that certain
cost elements vary according to the size of a solar heating and/or cooling
system whereas others are relatively fixed, regardless of collector arees or
tank volume, Collector and storage tank costs are system-size-dependent items;
others include heat exchanger costs, and certain pump and piping costs. The
additional control system cost associated with a solar energy system is an
example of a cost difference that is largely independent of collector area.
The cost difference associated with the purchase and installation of an ab-
sorption chiller is also relatively independent of solar collector ares,
because for all but the smallest solar collector areas, selection of an
appropriate absorber is dictated by the peak building-cooling load.

Because solar system costs depend on the purchaser's location and are
;lso time-dependent, the designer should obtain actual price quotes from
equipment manufacturers. However, for initlal assessments, costs can be
estimated from the data given in this table.

The subsystems to be considered are shown along with an estimate of the
fraction of the total installed cost that each requires. If solar cooling
is included, the incremental costs of a derated chiller and/or cooling tower

are in addition to those listed.
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4

Part B of this table summarizes estiﬁated solar system component
costs. In lieu of actual manufacturer-quoted prices, these may be used
as first estimates,

In addition, the differential cost of a derated absorption chiller,
compared to a standard compression unit that probably would be used in a
conventional system, is about $100-120/ton. One also must include solar-
energy related costs such as those resulting from increased floor space
required to accommodate solar equipment. Credit should be given for any
roof ares provided by roof-integral collectors. Remember, moreover, that
collectors must be mounted on some sort of structure. When all expenses
are included, the installed system costs shown in Part C result.

Recent experience indicates that the installed incremental system
costs in part C, would be expected for new construction; 10-25% more should
be expected for retrofit construction.

Total project cost will be higher by about 25% to cover cost of design,

inspection, and contingency.

lRef. - DOE Facilities Solar Design Handbook
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DISCOUNTED ESCALATION PAYBACK TIME

The payback time is being determined on a present worth basis. When
the present worth of the annual fuel savings has added up to the installa-
tion cost, tﬁe system has paid for itself., Several other factors of main-
tenance, taxes, insurance and collector useful life can be factored in
after a simplified evaluation indicates it is feasible to continue. These
other factors can be fixed percentages added to the interest rate.

This figure can be used to determine payback time after determining the
system cost divided by the first year's fuel savings. This ratio is called
the Discounted Escalation Factor (DEF) and is equal to simple payback time
when no fuel cost growth or interest on money is considered. When fuel
cost increases and cost of money is included the payback time can be shorter
or longer than the simple payback time., If fuel is inflating faster than the
cost of money, then payback time is shorter than simple payback. If the cost
of money is greater than fuel inflation, then longer than simple payback time
occurs.

Future cost of fuel = ©Present fuel cost x (1 + e + g)n
in one gpecific year

g = General Inflation _%_
100

e = Energy growth rate over %
general inflation 100

n = years

(Present worth of Future fuel) = Future Cost of Fuel x ( 1 %
in one specific year 1+1i+g
i = Cost of money over general %
inflation 100
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= DISCOUNTED ESCALATION FACTOR (DEF)

SYSTEM COST

FIRST YEAR SAVING

DISCOUNTED PAYBACK TIME

1 =10%; 8 8 4

n tn
DEF = & (141)
1

0 n
DEF -E(‘_*"'
1\ 1+

L 1 L] B v

10 20 30 40 50
DISCOUNTED PAYBACK TIME (YEARS)
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In a step wise manner, the cumulative present worth is determined as a

product of these two factors:

.
Total Present Worth Present Fuel;:z: (l+e+g) X ( )n

Cost l+1+g

1+e+g n

1+i+

n
Present Fuel
Cost Z ‘

The tenn’tE(l+l+g) is called the discounted escalating factor (DEF),

A simplification would be equating all the % values to an equivalent

fuel inflation value:

l1+I = 1l+e+g vl l+e
IT+i+g ™~ I+1

A further approximation would be obtained by dropping the general infla-

tion term. The value "I" can be positive or negative.
EXAMPLE:

The DOE Solar Design Handbook (pg. 60) suggests an 8% discount rate be
used to correspond to long term U.S. Treasury Bonds. That 8% is the summation
of 1 + g. If g is assumed as 5% on a long term basis, then i = 3%. Fuel oil

is inflating 8% (e = .08) per DOE handbook. Therefore, the equivalent fuel

inflation value I is determined as follows:

1+ .08+ .0
L+ 1= TR - 106

1+I.1+ .08
~1+ .03

1.0485 I Z(e+g) - (i+g) =13% - 8% = 5%

Therefore, I = 5%
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DISCOUNTED ESCALATION FACTOR (DEF)

4
This is a tabular form of the previous figure and is used as follows:

1) Determine the equivalent fuel inflation (IRZ € - i) by subtracting
cost of money in excess of inflation from energy growth rate in excess of

inflation.
2) Determine the DEF (System Cost/First year Saving)

3) Read down the equivalent fuel inflation column to the value of

DEF and then over to the number of years to pay back.
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"Must Cost" Estimate for Solar Systems

The Office of Management and Budget (OMB) has directed that energy conser-
vation projects use 107 (i = 10%) in excess of long term inflation as the
interest or cost of money. Such an interest rate represents a total cost of
money in the 157 range (i+g = 10%Z + 5Z). This suggests a governmental desire
for the project to both pay for itself and earn money. The money is earned at
a rate 7% higher than the cost of money to the U. S. Government (Long Term U.S.
Treasury Bonds at 8%). If this criteria is applied to an infant technology in
the development stage, it will result in long payback times. This may be
counter-productive in encouraging the solar thermal system technology.

This table shows an example of the highest price (Maximum "Must Cost")
that can be paid for a solar system and have it pay back by fuel savings in
25 years. If the type of energy being supplemented by solar energy is high
cost, a higher cost solar system can be justified.

At the present time, the payback analysis is most dependent on the OMB
decreed interest rate (i) as applied to the value of money in excess of infla-
tion. The next factor of importance is the fuel cost and fuel growth rate (e)
in excess of the general inflation. Then finally, the payback depends on the
solar system cost and annual total system efficiency.

On the bottom of this table are a range of system costs per the DOE
Solar Handbook. Space heating and cooling projects can run from $40 to $80 per
square foot for the direct construction cost. The maximum costs allowed in
the top left side of the table are not feasible now. The costs on the table's
lower right side are easy to achieve. The middle range is difficult, but can
be achieved.

The third column (i = 3%) is the most representative of the cost of money

to the U. S. Government. This represents achievable system cost.
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